Purpose -This paper aims at studying implicit knowledge management practices in research groups using a theoretical model of knowledge creation. The goal is to identify factors that contribute to high knowledge productivity. Based on the findings of a study of German research groups, implications for developing countries shall be discussed.
Introduction
Publicly funded basic research can facilitate economic growth by increasing the stock of useful knowledge and creating new firms or enhancing the opportunities of existing private firms to innovate (Nelson and Rosenberg, 1994; Dasgupta and David, 1994; Martin et al., 1996) . Scientific research, however, is an expensive process and there is no straightforward relationship between inputs in terms of money and personnel, and outputs in terms of knowledge. Developing countries are confronted with the problem of catching up with the leading knowledge producers in order to be internationally competitive while having only scarce scientific resources available. An efficient allocation of research resources is therefore particularly important for them.
Since developing countries have accumulated only little experience with scientific research, it is essential for them to understand the research practice of the relatively successful science systems of the large ''knowledge producers'' -above all US, Japan and Germany. This is true even if developing countries cannot simply take over the practices in these countries because of cultural and infrastructural differences. Nevertheless, understanding the factors of success in scientifically advanced countries may be helpful for developing countries in order to assimilate the research management practices of leading knowledge producers in a modified form.
Germany is among the four largest knowledge producers in the world in terms of papers published and money spent (National Science Board, 2004; OECD, 2005) . Moreover, it shares with China, Japan and other non English-speaking countries the problem that if their scientists publish in international journals they have to do so in a foreign language (English). Therefore, in this paper, the authors regard Germany as a relevant case study and explore whether and how developing countries might learn from it.
Exploring the relationship between inputs and outputs of research is a straightforward way of measuring research productivity. A combination of cost-benefit analysis and evaluation of research results has therefore been used by several scholars (e.g. Herbertz and Mueller-Hill, 1995; Healey et al., 1988; Salter and Martin, 2001; Guan and Wang, 2004) . Practice and research, however, have demonstrated that besides the availability of resources, knowledge management is relevant for knowledge creation efficiency in organizations: the better knowledge management is, the higher is ceteri paribus the productivity (Rubenstein-Montano et al., 2001 ).
There are only few studies that focus on specific scientific organizations and explore how organizational factors like knowledge management influence research productivity. The UNESCO in 2002 indicated that ''case studies of good practice and benchmarking, the more efficient exchange of that information, were strongly recommended'' (Braddock and Neave, 2002) . In this article, a social-scientific approach is used to address the question of the impact of knowledge management on research productivity instead of directly measuring knowledge productivity of research groups by a comparison of inputs and outputs.
Knowledge management and knowledge creation theory ''Knowledge management'' in a broad sense consists of systems, mechanisms and routines implemented by organizations to ensure that the right knowledge is available to the right person at the right time. ''Knowledge creation'' is a process that produces new knowledge. The availability of existing knowledge in this sense is an important prerequisite for knowledge creation. Knowledge management and knowledge creation hence interrelate and overlap, and knowledge management is regarded as a strong facilitator of knowledge creation (Rubenstein-Montano et al., 2001) . While knowledge management has been studied by many scholars (e.g. Demarest, 1997; Henriksen, 2001; McInerney, 2002; Blair, 2002) , knowledge creation has only been addressed by few researchers. The most prominent contributions to knowledge creation theory, so far, come from Nonaka and Tackeuchi (1995) and Krogh (1998) . Nonaka and Tackeuchi (1995) outline the process by which an individual's personal knowledge (tacit) can be transformed into organizational knowledge (explicit) that contributes to the success of the company as a whole. They regard knowledge creation as a ''spiral of knowledge'' in which new knowledge is created in an iterative process of internalization, socialization, externalization, and combination of knowledge. Their pioneering theoretical framework of knowledge creation makes the process of knowledge creation intelligible for research. So far, their four-process model has been applied to information theory (Lueg, 2002) , innovation theory (Hall and Andriani, 2002) , the culture of knowledge management (Blanzieri et al., 2003) and has been used as model in several other empirical studies (e.g. Conradi and Dyba, 2001 ).
'' 'Knowledge management' in a broad sense consists of systems, mechanisms and routines implemented by organizations to ensure that the right knowledge is available to the right person at the right time. '' For Krogh (1998) the knowledge creation process is composed of two types of sub-processes: individual (self-governing) and social (public, collective) processes. In individual processes, individuals learn and think for themselves, thus these processes are impervious to the organizational context. Collective processes, however, involve interaction with others and thus are strongly influenced by the structure and culture of the organization.
Because of the different organizational goals of academic research organizations and private companies, knowledge creation in research organizations has some features that differ from those of knowledge creation in companies. The principal goal of academic research organizations (in basic science) is the publication of research results. Considering this goal, the authors propose a modification of the model of Nonaka and Takeuchi, furthermore incorporating the basic distinction of Krogh between individual and collective processes. Figure 1 shows a modified model that seems better suited to research organizations than the original Nonaka-Takeuchi model. The model divides the knowledge creation process into five sub-processes in terms of their function: knowledge acquisition, idea forming, knowledge sharing, idea modification, and knowledge expression. Using Krogh's theory, a distinction between individual knowledge creation processes (gray boxes in Figure 1 ) and collective knowledge creation processes (white boxes) is made.
''Knowledge acquisition'' is the process of searching for and obtaining new information from all kinds of knowledge sources. Since seeking new scientific information requires access to organizational resources, e.g. libraries, literature databases, online journals or the internet, knowledge acquisition in research groups is considered a social process. Based on the knowledge acquired in the first step researchers may develop some genuinely new ideas. This process depends on the individual knowledge accumulation and the creativity of the researcher. Thus, ''idea forming'' is an individual process. New ideas, however, at first are just subjective beliefs. Sharing these ideas with colleagues, exposing them to their criticism and listening to their further insights is the next step towards inter-subjectively accepted knowledge. ''Knowledge sharing'' thus is a social process. Cognitively responding to criticism or incorporating new aspects gathered from communication with colleagues may lead to a revision and improvement of the initial idea. However, this process again depends primarily on the creativity and ingenuity of the individual researcher. ''Idea modification'' is thus an individual process.
The first four steps of the model (knowledge acquisition, idea forming, knowledge sharing and idea modification) should be considered a circular iterative process. After several cycles, a mature insight may be formed. Then, researchers ''express'' their new knowledge by means of conference presentations and publications. In doing so, they have to interact with co-authors, journals, conference organizers, reviewers, translators or technical editors. The final process of ''knowledge expression'' hence is also a social process.
The individual processes (idea forming and idea modification) are mainly determined by the accumulated knowledge, expertise, psychological features and creativity of individual researchers. Improving the individual processes, from an organizational perspective, is only possible by indirect measures of personnel recruitment and creation of an environment in Figure 1 Model of the knowledge creation process which individual skills are developed and activated (human resources development). Productivity differences of individual scientists have been studied, for example, by Allison and Stewart (1974) and Levin and Stephan (1991) . However, previous research suggests that compared to individual creativity, organizational creativity has a stronger association with innovation performance (Bharadwaj and Menon, 2000; Amabile et al., 1996) .
This article hence focuses on the organizational level and tries to identify some factors influencing knowledge productivity in research groups. The research focuses in detail on the three mentioned social knowledge creation processes. These processes, however, are crucially dependent on organizational institutions, routines, resources and culture, and thus can directly be influenced by the management of the organization.
Research design
The aim of the empirical survey described here is to analyze the practice of knowledge management in German research groups and its perceived efficiency by the leaders of these groups. This research problem is addressed by a case-study approach, conducting in-depth face-to-face interviews with the heads of 15 German research groups. These interviews took place in June-September 2003. Due to the small sample size and the focus on only one research area they cannot be understood as being representative; this survey must be considered a pilot study testing the usefulness of this empirical approach for the analysis of knowledge management practices and efficiency. As Braddock and Neave (2002) have noted, different fields need different management arrangements and procedures. In order to allow a meaningful comparison between the cases studied, the sample is limited to physics as a prototypical scientific discipline.
Sample
The The physics research groups selected for the sample come from the universities and research institutes of North Rhine-Westphalia. Using the categorization into pure basic research, use-inspired basic research and pure applied research proposed by Stokes (1997) , a sample of 32 physics research groups dealing with pure basic research and use-inspired basic research was constructed, excluding applied research from the analysis. Letters to the heads of these 32 physics research groups in NRW were mailed requesting an interview about the knowledge management practices in their organization. Interviews with 15 of these 32 research groups (or 47 percent) could be conducted. The sample mainly consists of middle-sized research groups (11 cases) but it also includes two small (# 10 researchers) and two large research groups (.50 researchers). The 15 research groups studied include one Fraunhofer institute, six Helmholtz institutes and eight university institutes. The Max Planck Society is not represented in the sample because the two Max Planck institutes in NRW do not carry out research in physics. Eight of the 15 groups deal with experimental physics, six with theoretical physics and one combines experimental and theoretic research.
Questionnaire
The questionnaire used for the interviews is composed of three parts. The first part consists of some basic questions on the research group itself, such as number of researchers, organizational structure, and number of PhD and Master theses completed in the past five years. The second part of the questionnaire deals with knowledge productivity and includes several open questions asking the interviewees to give their subjective opinions on positive and negative factors influencing the productivity of knowledge creation. The third part is comprised of several detailed questions about the knowledge management practices and about the three social knowledge creation processes mentioned before. The interviewees evaluated the usefulness of different kinds of information sources for knowledge acquisition, and assessed the opportunities for knowledge sharing and the group members' abilities for knowledge expression.
Moreover, in the final part of the questionnaire the interviewees were asked to evaluate the overall performance of the three social sub-processes of knowledge creation in their research group.
Findings

Subjective factors of research efficiency
At the beginning of the interview, before mentioning the concept of knowledge management and the knowledge creation model, the interviewees named the factors that according to their assessment facilitate and inhibit knowledge productivity. A maximum of six factors in each category could be offered. Table I lists the most important categories of facilitators and inhibitors ranked by the frequency of occurrence.
Facilitators. The interviewees mentioned five main facilitators of research efficiency. Two items relate to characteristics of the research personnel (items 1 and 3). These answers show that the heads of the research groups find it crucially important for research productivity to attract promising young researchers and have a competent and motivated team. These answers reflect the significance of human resource management. The other three items refer to knowledge management activities and to the knowledge creation process. Items 2 and 4 have to do with cooperation and communication with peers and with knowledge transfer across the border of research fields and to technology users (industry).
Communication and interaction with other research groups or industrial organizations are vital forms of the knowledge acquisition and sharing process. Through interaction with other research groups and industrial organizations, researchers can acquire useful information and broaden their research scope, foster new directions and boost the production of new ideas. Although most of the interviewees probably do not have an explicit theory of ''knowledge management'' and ''knowledge creation'', their tacit knowledge about these terms largely confers with the assumptions of the formal theory.
Item 5 of the facilitators of research productivity emphasizes the importance of access to information, i.e. the relevance of a good research infrastructure. Access to information is a crucial prerequisite of knowledge acquisition. The resources available for knowledge acquisition determine the quantity and quality of the information within reach of researchers.
Inhibitors. Four main factors inhibiting research efficiency according to the judgment of research group leaders were found. One factor refers to the burden posed by administrative duties. The interviewees think that too much bureaucracy in Germany reduces the efficiency of knowledge creation in German research groups. Since the interviewees as department heads are responsible for most of the administration work there might be some personal biases in their answers, though.
The three other factors, however, point to difficulties in the recruitment of excellent students and researchers. These problems are seen to result from the low motivation of students to engage in physics and from the effects of research policy: a lack of financial resources and too little administrative flexibility to attract promising junior scientists.
In Germany, there is growing concern about the recruitment of students and researchers in physics. This is particularly true for research institutes outside universities, especially if they are located in small towns. Respondents felt that students do not know enough about the favorable working conditions in these institutes outside universities. University institutes, on the other hand, sometimes have the problem of lack of mobility of researchers; they recruit their research personnel mostly from their own students -a disadvantage with respect to the exchange and integration of knowledge and the development of a joint culture. Each year, about 12-14 percent of the excellent researchers with a Doctor's degree move to the USA and more than one-fourth of them stay there permanently (Nouvelles D'Europe, 2003) . Taken together, these problems lead to a deficiency of qualified young researchers in physics. The interviewees criticized the research policy as aggravating the problems of recruiting qualified researchers. They argued with a lack of adequate positions for researchers and students, a fixed salary system and not enough flexibility to make personnel decisions.
It is quite interesting to note that all mentioned ''inhibitors'' are factors which are not under control of the research group, while ''facilitators'' largely are. This reflects that the leaders tend to attribute problems to external factors and successes to their own quality and effort. This phenomenon might hinder a rational optimization of the research process because the questions of ''how can we make best use of the resources the organization offers us?'' and ''how can we change culture and working patterns in our research group to improve efficiency?'' are likely not to be asked. The interviews lead to the conclusion that ''knowledge management'' intangibly takes place in research groups but that it is not explicitly dealt with as management strategy.
Knowledge management practices in the knowledge creation process
Although ''knowledge management'' is not a conscious strategy of the heads of German research groups, this concept and the theoretical model of knowledge creation was used to analyze tacit knowledge management practices and their impacts on research in a more systematic way. At the beginning of this section of the interview the concept of ''knowledge management'' and the five knowledge creation sub-processes (see section ''Knowledge management and knowledge creation theory'') were explained to the interviewee. The interviews then explored their practices of knowledge management with respect to the three ''social'' sub-processes of the theoretical model -knowledge acquisition, knowledge sharing and knowledge expression -which are most dependent on the organizational context. The next paragraphs will analyze the three sub-processes on the basis of the interviews.
Knowledge acquisition. Knowledge acquisition refers to the information seeking process.
Research is a typical innovation process and seeking new information is usually done at the beginning of a new research project. Researchers try to keep up with the state-of-the-art in their research field, look for new approaches or results that are relevant for their own research, or try to find new applications of their previous research.
For researchers, the most frequently used information sources to get new information are the library and the internet. During the interviews it became obvious that in the course of the development of information technology both information sources (library and internet) have merged together.
Library: to a very large extent libraries as the traditional information source for scientists nowadays offer their services for scientists in electronic form. Virtual libraries have been set up that allow access to a lot of databases and electronic journals. Ordering and delivery of journal articles are handled in electronic form -very often via internet or intranet without users having to leave their work place. Several interviewees told us that it has been a long time since they physically visited a library. The electronic library services obviously are cost-effective for the library as well as time-saving for the researchers. The quality of the library service in Germany seems to be quite high. The interviewees expressed great satisfaction with the content of the library. On a five-step scale all interviewees rated the content as ''rather good'' or ''very good'' (Table II) . Also, the service of the libraries seems to be well developed in Germany. The interviewees expressed general high satisfaction with it (Table II) .
Internet: apart from the libraries the interviews suggest that the internet has become an indispensable tool for researchers. The main advantages of the internet from the point-of-view of researchers are that the information is up to date and easily accessible. A total of 12 of the 15 interviewees marked the score ''5'' to evaluate the usefulness of the internet (Table II) . This shows the relevance of the internet in present-day research as a means of information acquisition (e.g. online journals, websites) and knowledge sharing (e-mail).
Knowledge sharing. Since all organizational knowledge comes from personal knowledge (Baumard, 1999; Tsoukas and Vladimirou, 2001; Husted and Michailova, 2002; Fernie et al., 2003) , knowledge sharing is a critical step to convert personal knowledge to organizational knowledge. Through sharing, personal knowledge is considered and evaluated from different angles by different people. In such a deliberation, the crucial innovations and the faults are likely to be identified by other people. Sharing ideas is an important part of group interaction in a variety of contexts such as meetings and intellectual working groups (Antoszkiewicz, 1992; Galegher et al., 1990) .
Often there are invisible borders within organizations, such as boundaries between project teams, functions and hierarchical levels. Trust, honesty, the willingness to learn, and the willingness to share knowledge and ideas are important psychological prerequisites of efficient knowledge sharing (Gunnlaugsdottir, 2003) . The actual practice of knowledge sharing in research groups depends on two factors: the subjective attitudes of the members of the research group towards sharing knowledge with peers and the practical opportunities to share knowledge. The latter factor strongly depends on the priority assigned by managers or heads to knowledge sharing because those opportunities have to be planned for by the kind of architecture (provision of common spaces where researchers meet), organization of the day-to-day working routines, and the calling of meetings and colloquia, for example. During the interview the respondents were asked about the readiness of researchers and the opportunities to share knowledge within and beyond the studied research groups. The results are listed in Table III . Attitudes towards knowledge sharing: most interviewees were satisfied with the attitudes of the members of their research group towards knowledge sharing. From the distribution of scores representing the readiness to share knowledge within and beyond the group (Table III) it can be concluded that researchers are more prepared to share their knowledge within the group than with external researchers. There also seems to be more opportunities for internal than external knowledge sharing. From a sociological point-of-view this result is not surprising. The explanation refers to the significance of priority claims in science: to be the first to publish a relevant new idea is an important factor contributing to the reputation of a researcher. There is a temptation of researchers to use ideas of colleagues in publications without giving credit to the source of that idea. To disclose a good idea to a colleague thus requires trust. Because trust and/or commitment are usually stronger within groups than across groups, the ''risk'' of disclosing an idea to somebody who would ''steal'' it by claiming to be its source and publishing it as his/her own, is judged higher with respect to researchers outside the own research group than with respect to close colleagues.
Opportunities for knowledge sharing: costs of knowledge sharing increase with the spatial and social distance between researchers. Within a group, knowledge sharing has some advantages such as low costs, easier coordination of schedules, and more opportunities for informal (i.e. unplanned) communication. Modern infrastructures, however, such as airplanes, fast trains and particularly e-mail and internet, somewhat close the opportunity gap between internal and external communication. Looking at the empirical data (Table III) there is indeed not much difference in the evaluation of opportunities to share knowledge within and beyond the group -at least much less difference than in the attitudes towards internal and external knowledge sharing. This is an indicator that the ''objective'' structure of opportunities nowadays is no longer the bottleneck of knowledge sharing.
Knowledge expression. While knowledge sharing is part of the knowledge creation process, knowledge expression means formally distributing new yet in a way ''mature'' ideas to the whole academic world for example by means of journal articles, books, conference presentations and patent specifications. From the sociological point-of-view the process of publication is crucial for gaining scientific reputation among peers (Gaston, 1978) .
To discipline scientific communication among the academia, scientific periodicals and conferences have quite strict standards for the language and format of the articles and conference papers. Therefore, the communication ability of researchers determines whether their research is published and recognized by their peers. As a consequence, expressive capabilities are crucial for the productivity of research groups.
Scientific writing requires a particular style and standard that differs from other writing tasks. The same is true for oral and poster presentations in scientific conferences. Moreover, most international journals and scientific conferences regard English as the scientific communication language. For researchers, fluent English is a crucial prerequisite to share their research with researchers on an international level.
Hence, there are at least three qualifications that have direct influence on knowledge expression: the ability to express ideas in a style and form suitable for scientific publications, the ability to present ideas orally, and the ability to write and speak fluent English. The interviewed heads of research groups confirmed the relevance of these three communication skills: almost all of them assessed these skills as ''very important'' (Table IV) . The actual performance of knowledge expression in their own groups, however, was rated high but less than optimal ( Table V) . Given that English is the second language for German researchers, it may be surprising that most of the interviewed heads of research groups considered the English skills of their researchers ''rather good''. Asked about the reason for the -in their opinion -good performance, the interviewees mentioned formal and informal forms of training.
In order to improve the capability for ''knowledge expression'', some organizations implement training courses for oral and written communication. Most groups, however, share the skills of scientific communication informally, especially between experienced and junior researchers, by close cooperation within the working group. Qualified researchers with rich publication experience will provide help to the young researchers when they write papers. Most organizations offer opportunities for researchers to give presentations regularly within the research group. To improve English speaking skills, some groups even use English language for their weekly meetings or colloquia. Some groups recruit native English speakers or invite researchers from English-speaking countries as visiting scientists to provide opportunities for their own researchers to communicate in English. Most groups encourage their researchers to make a test-run of their presentation before attending a conference.
Although at least some organizations offer a translation or language service to their researchers, most groups studied in the survey have never used that service to improve the quality of their papers. They seem to be reluctant because they do not expect this service to be in command of the specialized language of the respective scientific discipline.
Perceived performance of knowledge management
In the final part of the interview the interviewees assessed their overall performance in the three social sub-processes as well as their performance in the 14 measures the importance of which the interviewees had rated before. Most interviewees rated the overall performance of their research groups in all sub-processes as ''rather good'' (Table VI) . That means that they express a lot of confidence in the quality of their group while at the same time perceiving some room for improvements.
When asked about the sub-process the improvement of which would be most beneficial to the performance of the research group, eight interviewees chose ''knowledge acquisition'', six chose ''knowledge sharing'' and only one said that improvements in ''knowledge expression'' would be most helpful. From the point-of-view of the research group leaders, knowledge acquisition and knowledge sharing thus are seen as the sub-processes that limit knowledge productivity. 
Discussion and conclusions
Limitations of the empirical approach
The research reported here is limited in several respects. It is, for example, based on self-reported practices and assessments, not on observation or objective data. The empirical basis, furthermore, is quite narrow and comprised of only 15 German academic research groups in the field of physics. Because of this small sample size the figures reported in the table should be read with caution: they describe the answers of a sample of heads of quite typical German physics groups but the results cannot be generalized to other research fields, to industry research or to other countries. We did not even attempt to use inference statistics to calculate a statistical error.
However, there is little reason to believe that the German academic research practice differs strongly from that of other European countries and the US because of cultural reasons. Three crucial factors might account for differences between Germany and other countries, however:
1. The German structure of research with many publicly funded (i.e. non-industrial) research organizations outside the university system leading to some recruitment problems.
2. The amount of funding and the distribution between institutional and project-oriented funding.
3. The evaluation practice that in Germany until recently did not attribute as much importance to the number of publications as in other countries such as the US and the UK.
Knowledge creation practice in industry as well as in some research institutes closely collaborating with industry or related to practical projects such as the development of nuclear power technology or space technology will most certainly be different from the practices and experiences described here. The focus on applications rather than academic publications as well as secrecy demands will strongly influence (and partly limit) peer communication. It would be interesting to study whether and how this disadvantage for knowledge production is compensated. But this is beyond the scope of the research reported here.
Nevertheless, despite the many limitations this pilot study may serve as a starting point for more research of informal or formal knowledge management practices in research groups, broadening the empirical basis and using other methods of empirical social science.
Financial and human resources for knowledge creation
Creation of knowledge depends on many organizational factors such as financial resources, human resources and the organizational infrastructure such as library or Internet access (Holsapple and Joshi, 2001 ). The financial resources in research organizations largely depend on the total investment of the government in scientific research. The economic crisis in Germany, partly attributable to the re-union of East and West Germany, already lasts for several years. Consequently, in several areas and organizations the funding of research effectively has been reduced. In the interviews nearly all respondents claimed that they need more financial support.
Despite the financial problems the infrastructure for knowledge acquisition, knowledge sharing and knowledge expression is well developed in the German research organizations studied. Furthermore, science in Germany is internationally oriented. Some organizations have language service centers prepared to assist researchers in publishing their papers in international journals.
The most grievous problems in German research groups, as judged by the interviewed research group heads, concern the human resources, i.e. the availability and recruitment possibilities for new researchers. Several interviewees expressed their concern about the decreasing education quality in Germany and the deficiencies of candidate researchers in physics. The interviewees fear that in the long run this development will negatively influence the quality and quantity of researchers in physics.
Measures to encourage excellent students to go into physics research meet two demands that are somewhat at odds. On the one hand, in order to prevent ''inbreeding'' and ''endogamy'' in the recruitment and training of graduates which reduces innovation (Braddock and Neave, 2002) , the mobility of researchers must be encouraged. Project-related short-term positions would enforce a mobility pattern of researchers moving from one institute to another. On the other hand, in order to attract students for a career in physics, good, safe and long-term jobs have to be offered. There is no simple way to combine both demands but more flexible recruitment procedures and more flexibility for individual contracts on the level of institutes would perhaps allow better compromises between the contradicting demands.
Putting knowledge management into practice
Although most interviewed heads of research groups do not explicitly consider and apply knowledge management, the interviews revealed that many daily routines in research groups indeed have that effect. Obviously, there is a widespread intuition on how to organize knowledge creation processes effectively. Furthermore, by means of social evolution, practices have evolved that led to success and these practices were then taken over by others from successful research groups. However, only relying on intuition and good examples may be suboptimal. Research groups could well profit from a more systematic and critical analysis of their knowledge creation processes and from explicit knowledge management.
Organizational culture
The organizational culture has a strong influence on knowledge creation processes. Trust among colleagues, for example, is a prerequisite for the readiness to share knowledge before it has been published. Informal communication among colleagues is crucial for the deliberation of innovative ideas. Both demands -trust and informal communication -call for strong group cohesion rather than strong competition between group members. Besides its function for knowledge sharing, informal communication is important to increase trust.
For knowledge management this means that the open discussion and support of fairness norms (e.g. regarding authorship of publications) by the heads of research groups is very important. Equally important is the acceptance of vague, unfinished, even wrong ideas in the knowledge sharing sub-process of knowledge creation rather than insisting on perfectionism even in internal communication. Furthermore, the informal communication should not be dominated by the seniors in the group, but should also allow the juniors to test their ideas and to challenge established ways of thinking.
'' Creation of knowledge depends on many organizational factors such as financial resources, human resources and organizational infrastructure. ''
Lessons for developing countries
In developing countries financial resources are usually scarce for most research groups and the research infrastructure is not well developed. One strategy to overcome this problem is to seek financial support from international funding organizations or to engage in corporation with scientific institutions of developed countries thereby increasing resources. Another (complementary) strategy is to use the available resources particularly efficiently. Therefore, heads of research groups in developing countries have to be particularly creative and careful in their research management in order to overcome the deficiencies in organizational resources.
The example of Germany shows the importance of a well-developed knowledge infrastructure for the knowledge creation process, e.g. access to databases and scientific literature through libraries and the internet. Universities and research institutions in developing countries have to improve their researchers' access to information and should use a substantial part of their financial resources for that purpose.
Furthermore, interaction and communication within German academia seems to work rather well. Research groups in developing countries should follow this example and systematically try to increase the interactions between researchers of the same working group and between different research groups. This communication infrastructure should include the exchange of scholars between groups, attending international conferences and founding stable collaborations with other research groups.
However, there are also some weaknesses in the German case developing countries should try to avoid, such as the mentioned problems with human resources -the conflict between encouraging mobility and providing attractive long-term jobs. Developing countries should take measures to motivate gifted students taking a career in the sciences. This requires making these careers competitive in terms of salary, working conditions and status as well as setting up effective recruitment and selection procedures. While mobility of researchers is in general a facilitator of knowledge productivity, for developing countries there is the danger that the most talented researchers stay abroad permanently because developed countries can offer better conditions. Developing countries thus should encourage their researchers, abroad as well as their national research institutions, to keep in contact. This would enable a flow of knowledge between developed and developing countries during the stay abroad as well as increase the chances of researchers returning to their homeland after a while. The experiences of the German research group heads show that flexibility with respect to human resources on the work group level and reduced administrative duties might increase knowledge productivity.
Although the self-reported performance in knowledge expression is rather good in Germany, the ability to write scientific publications for international journals is a crucial yet precarious competence. Compared to the UK, Germany has more researchers and spends more money for R&D. But UK researchers produce relatively more international scientific publications with less resources (OECD, 2005; National Science Board, 2004) , i.e. they have a higher knowledge creation productivity. Since most developing countries share the language handicap with Germany (native language other than English), courses in scientific writing for researchers as well as a generous infrastructure of language services may be crucial for a research system to become internationally recognized and competitive.
